Objectives: This clinical study was conducted to evaluate the efficiency of nanohydroxyapatite (n-HAp) in reducing dentin hypersensitivity individually or combined with fluoride. Materials and methods: Forty hypersensitive teeth from 10 patients with hypersensitive symptoms were treated using hydroxyapatite nanoparticles (nHAp) gel at different concentrations/ sodium fluoride (NaF) containing according to four treatment groups: Group 1; 15% nHAp + 1% NaF, Group 2; 15% nHAp, Group 3; 25% nHAp+ 1% NaF, Group 4; 25% nHAp. The initial sensitivity levels were recorded using a verbal rating scale (VRS) and visual analogue scale (VAS) at the baseline visit. The responses were evaluated at 0, 1 day, 1, 2 and 4 weeks respectively for all groups. Results: There was a high statistical significant differences between pain scores before and after treatment for all treated groups. There was statistically significantly high difference between 25% nHAp and the other groups, as they need 4 applications for complete relief while 25% nHAp needs only 3 applications. Conclusion: Nanohydroxyapatite with 25% concentration was the most effective in alleviating the hypersensitivity symptoms.
INTRODUCTION
Life expectancy is increasing and patients are retaining their natural teeth for a longer time due to effective treatment strategies for caries and periodontal disease. Consequently, there is a higher risk of cervical dentin hypersensitivity as a result of physiological gingival recession with aging (1) . Dentin hypersensitivity is defined as pain arising from exposed cervical dentin caused by chemical (erosive foods and drinks), thermal (hot and cold), mechanical (brushing), evaporative or osmotic (80) Shimaa M. Ameen, et al.
ADJ-for Grils, Vol. 5, No. 1 stimuli applied to opened dentinal tubules. This is a common problem found in many adult populations, with a prevalence ranging from 8 to 57%. Dentinal tubules play an important role in transferring stimuli and irritants to the pulp. The hydrodynamic theory of dentin sensitivity postulates a flow of fluid through the tubule as the transducing mechanism for hydrodynamic stimuli (2, 3) .
It has been demonstrated that hypersensitive dentin has a larger number of wide, open dentinal tubules on the surface than does non-sensitive dentin. A rational approach to the control of pain arising from exposed dentin would thus be to block or reduce the diameter of the tubules. Occluding dentinal tubular agents can create a barrier by precipitating proteins and calcium/phosphate ions on the surface or within the tubule orifices. The mechanism of action of the various chemical desensitizing agents is still not well understood, as these agents might have different behavior when applied to in vitro and in vivo conditions (1, 3) . A number of treatment options are currently available for the treatment of hypersensitivity. These range from the commercially available, over-the-counter dentifrices containing potassium nitrate, strontium chloride, or fluorides, to the in-office treatment procedures, which include iontophoresis and application of resins and adhesives. These agents may bring about therapeutic effects either by partial or complete obturation of dentinal tubules (tubule occluding agents), by anti-inflammatory activity, by protein precipitation, or by sealing the tubules (4) .
Recently, research into the use of the mineral components of the inorganic portion of the tooth structure (i.e., calcium and phosphate) has evoked considerable interest and has inspired the preparation of hydroxyapatite (HAp) for occlusion of dentinal tubules. HAp is the main constituent of teeth and bones and hence very desirable as a natural occluding material (5, 6) . Therefore this clinical study was conducted to evaluate the desensitizing effect of different concentrations and applications of nanohydroxyapatite (nHAp) individually or combined with fluoride.
MATERIALS AND METHODS

I. Materials:
A. Materials used as dentin desensitizers:
Four different nano-Hydroxyapatite (nHAp) gel preparation were used in this study:
15% Nano-Hydroxyapatite (nHAp) +1% sodium fluoride (NaF).
2. 15% Nano-Hydroxyapatite (nHAp).
3. 25% Nano-Hydroxyapatite (nHAp) +1% sodium fluoride (NaF).
4.
25% Nano-Hydroxyapatite (nHAp).
B. Nano hydroxyapatite (nHAp) powder preparation:
Hydroxyapatite nanoparticles had been prepared in Nanotech Egypt by wet chemical method (7) . Hydroxyapatite nanoparticles were formed through the wet chemical reaction of calcium nitrate, with ammonium phosphate ((NH 4 ) HPO 4 ) the grain size was controlled by changing the time and the temperature of HAp precipitation. The pH values were adjusted between 10 and 12 and the reaction was performed at room temperature (20°C).
C. Characterization:
-Size & Shape:
Powder was examined using TEM (JEOL JEM-2100) high resolution transmission electron microscope at an accelerating voltage of 200 kV. The TEM micrographs show that, the prepared HA NPs has Rod-like shape and the size ranged between 100 ± 20 nm (L), 20 ± 10 nm (D) (Fig.1) .
Optical Properties:
FT-IR spectrum were performed on Bruker FT-IR spectrometer with range of (4000-400cm -1 ), and resolution (less than 0.1 cm -1 ).
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D. Nano hydroxyapatite (nHAp) gel preparation:
The prepared nano hydroxyapatite powder was formed into gel in (Nanotech Egypt) as follow: The nHAp was dispersed in the initiator solution (0.4% IRGACURE 2959 dissolved in deionized water) and dissolved by vortexing for 10 min. and sonicated for 20 min. more to obtain a uniform distribution of nanoparticles. Then, the polyethylene glycol diacrylate (PEG diacrylate) (Sigma-Aldrich) was added to the nHAp solution and allowed to be mixed for 20 min. Finally, the mixture was centrifuged for 1 min. at 200 rpm to remove any air bubbles. There was no phase separation after centrifugation. The composite solution was injected into a mold and then photo-cross-linked for 10 min. using a high-intensity UV lamp (B-100AP, Ultra-Violet Products, Upland, CA, wavelength used: 365 nm). The distance between the sample and the UV lamp was kept at 15 mm (8) .The composition of the nanohydroxyapatite gels (by weight) is listed in table (1). 
II. Methods:
A double blind clinical trial with split mouth design was conducted according to the American Dental Association (ADA) guidelines for the acceptance of products for the treatment of dentinal hypersensitivity.
A. Case selection:
Forty (40) hypersensitive teeth from ten (10) patients (3 males and 7 females) were enrolled for this study. Patients' age ranged from (20 -45) years old. Each of the 10 patients had their hypersensitive teeth in the anterior and premolar areas. A special patient chart was designed to have a systematic and methodic recording of all the observations and information, which included a detailed case history, clinical examination, relevant information related to the hypersensitivity and precipitating causes, Verbal Rating Scale (VRS) scores and Visual Analogue Scale (VAS) scores to facilitate recall visits. Patient selections were according to inclusion/ exclusion criteria (9) . Also charting was made for each patient along with a written consent of the patient for willingness to participate in the study.
B. Patients preparations:
The patients initially completed a plaque control program, including oral hygiene instruction, scaling and root planning. The patients were instructed to perform non-traumatic brushing technique twice a day for 2 min and not to use any desensitizing agent or dentifrice. Only those patients maintaining optimum oral hygiene as well as showing compliance towards the correct brushing technique were included in the study (10) .
C. Subjective assessment of dentin hypersensitivity:
The subjective assessment of dentin hypersensitivity was done before application of the agent (baseline) then immediate after treatment, 1day, 1 week, 2weeks and 4 weeks respectively. The patients were educated to rate their perception to tactile, air and cold stimuli by using the VRS (11) .
a. Verbal Rating Scale (VRS)
The degree of hypersensitivity was determined according to the Verbal Rating Scale -VRS. The patient uses a numerical code from 0 to 4 to rate perceived sensation, in which:
• Score 0: Was recorded for those patients with No discomfort.
• Score 1: Was recorded for patients complaining from mild discomfort.
• Score 2: Was recorded for patients complaining from moderate discomfort.
• Score 3: Was recorded for patients complaining from severe pain only during application of stimulus.
• Score 4: Was recorded for patients complaining from severe pain persisting after removal of stimulus.
The following stimuli were applied for clinical evaluation:
Probing stimulus:
A sharp dental explorer was passed over the affected area, perpendicular to the long axis of the tooth without any pressure.
All stimuli were performed after all subjected teeth had been cleaned with a cotton pellet soaked in warm distilled water, and dried.
Air blast:
This method was performed two minutes after the tactile scoring procedure. A blast of air from a dental syringe attached to dental unit was directed onto the affected area of the tooth in a distance of 1 cm from the tooth surface to avoid desiccating the dentin surface. This stimulus was delivered until a reaction was observed, or up to a maximum duration of 5 seconds (9) . All stimuli were performed by the same operator, in the same dental chair with the same equipment while the pain was assessed with the VAS (Visual Analogue Scale) by another clinician. The patients' reactions to the stimuli were recorded before and immediately after treatment, and then at one-day, 1-week, 2-weeks and 4-weeks.
Thermal stimulus (cold stimulus):
Drops of melting ice held in a plastic syringe were made to flow over the sensitive tooth surface for five seconds.
b. Visual Analogue Scale (VAS):
The patient scores pain intensity on a 10-cm straight line scale traced on a piece of paper. Specifically, Patients recorded their overall assessment of tooth sensitivity that resulted from their normal daily activities. This was done using a VAS. The scale consisted of a 100-mm straight line scale traced on colored bar. Participants were instructed to mark the far left hand end of the line if the pain was "the worst you could imagine," or, if pain was less than that, to "place a mark anywhere along the line that represented what you felt." The score was determined by measuring from the left hand edge of the line to the point where the participant's mark intersected the line. Scores were measured Clinical Evaluation of Nano-Hydroxyapatite as Dentin Desensitizer (83) and recorded to the nearest millimeter. Completed logs were collected at each evaluation. Specifically, 0 = no pain and 10 = extreme, unbearable pain.
D. The clinical procedures:
Hypersensitive teeth in each patient were randomly divided into four groups as stated previously. Total of 40 teeth in split mouth design were selected and divided into 4 groups treated with the four different nHAp gel preparations either with or without sodium fluoride.
The area to be treated was isolated with cotton rolls and was dried using air spray. The agents were injected with sterile needle tip at the cervical region of the tooth for 1minute. Patients were instructed not to rinse or to take any food stuff for half an hour. This treatment was repeated at 1 day, 1week, 2 weeks and 4 weeks. The patients were demonstrated the proper brushing technique and were advised to use a soft toothbrush. Diet counseling was also done in order to avoid intake of excessive dietary acids during the study period.
(12) .
Statistical Analysis
IBM SPSS statistics (V. 22.0, IBM Corp., USA, 2013) was used for data analysis. Data were expressed The following tests were done:
1. The degree of change due to follow-up study (delta change or dC) reflect the actual diff. changed through the follow-up study and can be calculated for each patient, from which, the mean delta change can compared with other group or correlate with other variables. It is defined as follow: Delta change (dC) = (Post-Pre)/Pre.
2.
Comparison between more than 2 patient groups for parametric data using Analysis of Variance (ANOVA). The multiple comparisons (Posthoc test or least significant difference, LSD) were also followed to investigate the possible statistical significance between each 2 groups. The probability of error at 0.05 was considered sig., while at 0.01 and0.001 are highly significant.
RESULTS
The degree of hypersensitivity was determined according to Verbal Rating Scale (VRS) and Visual Analogue Scale (VAS). Forty hypersensitive teeth from ten (10) patients (7females and 3 males) completed the 4-weeks follow up. 
DISCUSSION
Dentin hypersensitivity is a very common painful problem which is difficult to solve, despite the fact that a large variety of treatments exist. The occurrence of hypersensitivity is due to abrasion, abfraction, particularly important as an adverse event of periodontal therapy. It has been demonstrated that root exposure due to loss of attachment and shrinkage of periodontal tissues leads to exposure of the cemento-enamel junction and tooth hypersensitivity (13, 14) . Taking these facts into consideration, there is a need to develop treatment approaches which permit the relief of the symptoms of dentine hypersensitivity.
Clinical Evaluation of Nano-Hydroxyapatite as Dentin Desensitizer (85) Hydroxyapatite is a natural mineral constituent of teeth and bones, and hence the use of this material as a desensitizing agent to occlude dentinal tubules was highly desirable. The motivation for synthesizing HAP by different means has been to obtain Nano sized particles for infiltration of dentinal tubules, for the alleviation of hypersensitivity. It is clear that in vivo experiment is the ideal methodology for biological investigation and in vitro studies can only address limited aspects of any natural system (15) .
Utilizing safe and effective biological materials through their physical or chemical properties to block exposed dentinal tubules, to reduce or inhibit the flow of tubular fluid, and to avoid stimwulating pulp nerve endings is thus an effective means for controlling dentin sensitivities (16) .
The ultimate test of any treatment is how well it works in the clinic. A randomized, blinded and controlled trial is the gold standard for determining the efficacy. A split mouth study design was chosen in this work which had advantages of same pain perception, oral hygiene habits, dietary habits and psychosomatic factors (17) . The subject acts as his own control which is very powerful tool statistically, and the methodology of choice (18) .
Ideally, the evaluation period in the clinical study should have been longer than four weeks; however, as the goal of the study was to determine which agents would eliminate the participant's acute complains of DH rapidly and effectively, a short-term (four-week) study was conducted . It is important, however, in that studies be carried out to determine which agents provide long-term relief from DH. Although most hypersensitive teeth are sensitive to more than one stimulus, not all teeth respond to the same stimulus (19) .
Based on the recommendations of Ad Hoc Advisory Committee on Dentinal Hypersensitivity (20) , three different stimuli-tactile, air and cold water were used to assess hypersensitivity in the study. All suspected dental sites were investigated by using a probe tip as a tactile stimulus, which causes the inward movement of the dentinal fluid owing to the compression of the dentin. Thus, mechanoreceptors causing the painful sensation were activated (21) .
Air stimulus decreases the temperature at the dentin surface, causes a rapid outward fluid flow from opened dentin tubules, which stimulates the painful sensation (22, 23) . Currently no single method of eliciting and assessing cervical dentin sensitivity may be considered ideal, and hence, a combined assessment using two different methods seemed appropriate to eliminate the deficiencies of either one method, which was why the verbal rating scale (VRS) and the Visual analogue scale (VAS) were used in the present study. The VRS offers a restrictive choice of words, which may not represent the pain experience, with significant precision for all patients (24) . On the other hand, the validity and reliability of the VAS for both experimental and clinical pain has been demonstrated by several investigators (21) . The VAS also appears to be more sensitive in discriminating between various treatments and changes in pain intensity.
The clinical results showed significant reduction of DH immediately after treatment of all test groups at probing stimulus, air stimulus, cold stimulus and (VAS). In addition, after 4 weeks of follow up, no adverse events were reported by participants. The efficacy of the n-HAp may be explained considering the hydrodynamic theory based on the alteration of fluid flow in dentinal tubules; if the dentinal tubules are obliterated anywhere along their length, hydraulic conductance will be reduced and pain consequently diminished. Although it was observed that all the four agents did not differ significantly in their desensitizing effects at the end of 4 weeks, there were considerable statistically significant differences in the number of applications required by each of the agents in bringing about relief of hypersensitivity symptoms both at probing stimulus,
